Abstract -Wavelength Division Multiplexing (WDM) is the key technique for high data rates communication systems. WDM systems offer many advantages for optical communications with several unique features and requirements in terms of their implementation. This is because the design characteristics and realization of WDM components are crucial and depend particularly on the type of materials used for fabrication.
I. INTRODUCTION
Rib waveguides have become of great importance in integrated optics due to their capability of laterally confining the optical field. A rib waveguide has the guiding layer made of a slab with a strip or strips superimposed onto it. It offers captivity of the wave in 2-dimensions. Although this characteristic makes rib waveguides extremely convenient as basic building blocks for integrated optical devices, it requires the quantitative description of the modal field in the waveguide. Thus, the accurate evaluation of propagation characteristics involves the resolution of the electromagnetic boundary value problem for the structures of dielectric guides. Since a simple and accurate analytical method does not exist to date, various approximate approaches based on numerical techniques have been proposed to solve this issue [l] . However, most of these numerical techniques including circular harmonic analysis, direct numerical integration of the field equations [2] , finite element analysis [3] , finite difference analysis [4] , field expansion in orthogonal functions [5, 6] , beam propagating method-3D [7] and equivalent network technique [8] require a huge computational time and do not lead to simple analytical solutions for the modal fields.
The Effective Index method (EIM) [9] [10] is a widely used technique to determine the propagation constants and field distributions of fundamental modes in dielectric waveguide. Specifically, it is very useful in combination with the 2D Beam Propagation Method (BPM) to transform the 3D to 2D structure and reduce the computation complexity.
In this article, we investigate the design characteristics of a wavelength demultiplexer which can be used for optical access networking to separate two wavelengths λ 1 =1530 nm and λ 2 =1565 nm. In the context of this work, we consider a 1x2 wavelength demultiplexer model based on the Multi-Mode Interference technique (MMI) and the rib waveguide. In order to analyze the impact of computation method on the design characteristics of demultiplexer, the effective index is computed by a numerical method (NM) and an analytic method (AM).
Section 2 presents the simulation model of the wavelength demultiplexer considered. Section3 proposes a novel numerical approach for computing the effective index. The simulation results and design characteristics of the MMI wavelength demultiplexer are discussed in Section 4. Finally, we conclude this article and present open direction for future work.
II. SIMULATION MODEL
WDM demultiplexers are generally realized as a multilayer structures based on the different optical waveguides such as rib or ridge guides. Regardless of the waveguide used; they will be simulated in 2D structure as this simplifies the task. Therefore, the transformation from 3D to 2D form can be ensured by using the effective index method as it is shown in Figure 1 . Let n c be the core index, n g the cladding index, n s the substrate index, (n eff ) II the effective index of the core layer, (n eff ) I the effective index of the first cladding layer and (n eff ) III The rib waveguide based on SIO 2 /polymer/BK7 is used to realize the wavelength demultiplexer, which is designed to separate two wavelengths of two different bands λ 1 =1530nm (band C) and  λ 2 =1565nm (band L). These bands are used by the optical access networks where the C band is reserved for the upstream transmission and L band for the downstream transmission [11] . The different layers of the model are presented in Figure 1a . The 2D equivalent model is shown in Figure  1b ; it is given by the effective index of the three regions: guide region and two cladding regions. In the case of symmetrical structure the effective indexes of the cladding regions are the same.
The principle of effective index method is the separation of variables technique of the propagation equations. Therefore, many schemes are developed to calculate the effective index of a rib waveguide. In this work, we study two methods to determine the effective index and we will compare the results of simulation analysis obtained by each of them.
The first method, the analytic scheme, is based on the analytic analysis of the following nonlinear equations (1, 2):
Where b I, II : are the constants to be calculated corresponding region I or region II and a is an asymmetry parameter which given by:
Generally, the effective index of a multilayer structure depends on the height of each layer. Therefore, the variation effect of the rib height d and the film thickness h versus the guide and cladding effective indexes are studied for the two wavelengths (λ 1, λ 2 ) and presented by Figures 4 and 5.
III. NUMERICAL METHOD
In the numerical method (NM), the effective index (n eff ) I, II of the lowest guided mode for respective slab structure is then determined by solving the eigenvalue equations of asymmetric slab waveguide which are given by [10] : The formulation for k 2x , 1 γ and 3 γ and can be written as:
A calculation program is developed to solve numerically the above equations by using a discretization step. The last values of the counters N 1 (i) and N 2 (i) will be considered as the effective indexes (n eff ) I and (n eff ) II .
The last values of the counters N 1 (i) and N 2 (i) will be considered as the effective indexes (n eff ) I and (n eff ) II . The flowchart of the proposed calculation is given in Figure 2 . 
IV. SIMULATION RESULTS
In this part, a simple 1×2 MMI demultiplexer is designed and modelled by using different effective indexes calculated by NM and AM methods. Therefore, the first element of characterization is the MMI width, which is calculated according to self imaging effect. Figure 3 presents a simple MMI demultiplexer modelled by using a rib waveguide of SIO2 as a cladding layer, polymer as a film layer and a BK7 as substrate layer. The guide and cladding effective indexes as function of the film thickness and rib height are shown in Figures  4 and 5 , respectively. It is seen that these parameters are very sensitive to the structure dimension. Thus, the MMI guide should be accurately controlled as its fabrication tolerances are in the scale of nanometres. It can be clearly observed from the curves of Figure 5 that the cladding effective index is not affected by the rib height variation. Furthermore, it can be observed that the difference between the effective indexes of the two wavelengths becomes bigger for higher values of rib height.
Depending on the results of the first part, the selected rib height is 4 µm and the polymer layer width is 2µm. The effective index of the different layers is determined for the given dimensions; see Table 1 . As it is suggested by [12] , the principal operation of MMI structures is the self imaging property of a multimode waveguide (MW). However, the necessary condition to separate two wavelengths such that 1 λ and 2 λ under the condition ( 1 λ < 2 λ ) is:
Where i L λ π , is the beat length for wavelengths i λ , p is a positive integer and q is an odd integer.
As it is known π L increases as wavelength decreases therefore, p and q must be chosen to be as small as possible to optimize the structure dimension.
The optimum values of p and q can be determined by
on the function of MMI width. The width w= 10.2 µm corresponds to a beat ratio equal to 1.0178 which leads to p=56, q=1 and L MMI (µm) = 12675; determined by the numerical method (NM). The evolution of the input power along the propagation distance in the centre of slot region is illustrated in Fig. 6 for the wavelengths 1565 and 1535nm, respectively.
It can be noted that the wavelength separation in the two outputs is realized by taking the insertion loss and the extinction loss as the main parameters to characterise the model. Therefore, the model has an insertion loss = 0.97dB and 0.479dB, extinction loss = 4.703dB and 7.68dB for λ=1565nm and  λ=1530nm, respectively.
The proposed model is designed by applying the analytic method, where (n eff ) I =1.5359 , (n eff ) II =1.548 (λ=1530nm) and (n eff ) I =1.5353 , (n eff ) II =1.5477 (λ=1565nm). The optimum values of p and q are found to be 58 and 1, respectively. The corresponding MMI width is WMMI= 9.6 µm and coupling length is L MMI = 11871µm. Therefore, the power distribution along the propagation distance is shown in Figure 7 .
The difference between the effective indexes leads to different characterisation parameters, which confirm the dependence between the design characteristics of WDM components and the approach chosen for computing effective indexes. However, the wavelength separation demultiplexing is clearly noted in the ports with acceptable losses. The performance of the second model is very close to that designed by using the numerical method with insertion loss of 0.78dB, and 0.566dB and extinction loss of 7.432dB, and 9.05dB for λ=1530nm and  λ=1565nm, respectively.
V. CONCLUSIONS
In this article, we investigated the design characteristics of a wavelength demultiplexer, which can be used for optical access networking. We considered a 1x2 wavelength demultiplexer model based on the multimode interference technique and the rib waveguide. In order to analyze the impact of computation method on the design characteristics of this component, the effective index is computed by a numerical and analytic method. Consequently, we proposed a new algorithm for computing the numerical method. We can confirm that the design characteristics of WDM components depend on the approach chosen for computing effective indexes methods. In this work, we found out that the length and width of the model proposed are 12675 µm, 10.2µm and 11871µm and 9.6µm as determined by NM and AM, respectively. The values of the numerical method are close to these of the analytic scheme. 
